When pure individual synthetic lecithins became available for study (Baer and Kates, 1949, 1950), there was immediate interest in their possible use in cardiolipin antigens as substitutes for Pangborn lecithin. Rosenberg (1949) reported briefly on synthetic L-c-(dipalmitoyl)-lecithin in antigens for the Hinton, Kline, Rein-Bossack, VDRL, and Kolmer tests. He found that replacement of Pangborn's lecithin by identical amounts of synthetic lecithin gave antigens which were reactive. Kline (1950) found that L-cx-(dimyristoyl)-lecithin gave reactive antigens, and Allen and Tonks (in a publication by Baer, Martin, Allen, and Tonks, 1951) reported that this compound and its optical isomer, D-o-(dimyristoyl)-lecithin, when used in the same concentrations, gave VDRL antigens of similar reactivities. Faure and Marechal (1952) found that the synthetic lecithins were unstable and concluded that they were not suitable for antigens for the Kline, Debains, and Kolmer tests. However, improved procedures for the preparation and purification of the lecithins (Baer and Maurukas, 1952; Baer, 1953) resulted in more stable, crystalline materials. After extensive studies with crystalline L-oc-(dimyristoyl)-lecithin, Kline (1954Kline ( a, b, 1955 reported favourably on its use in antigens for his flocculation test. Reyn, Bentzon, and Hartmann (1956) studied one batch of crystalline L-oa-(dimyristoyl)-lecithin in complement-fixation and VDRL antigens, and concluded that further investigations with other batches of the lecithin were warranted. Reyn and Bentzon (1956) showed that * Received for publication, May 23, 1957. the synthetic crystalline material could replace natural lecithin in cardiolipin antigens, but found that the antigens prepared with the synthetic lecithin were significantly less sensitive than those prepared with an equimolar amount of natural lecithin. Faure and Vaissiere (1956) reported them to be only slightly less sensitive than natural lecithin antigens and much improved in stability over antigens containing the original non-crystalline synthetic lecithin.
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We have studied these compoundst for several years and have published a preliminary report (Tonks and Allen, 1953) on the use of L-a-(distearoyl)-, L-oc-(dipalmitoyl)-, and D-, L-, and DL-cx-(dimyristoyl)-lecithins in antigens for the sero-diagnosis of syphilis. Our first studies were carried out with L-oc-(distearoyl)-lecithin. It was possible to prepare reactive antigens with this compound, but because of its limited solubility and the formation of precipitates when mixed with cardiolipin in alcohol solution it was soon discarded in favour of the more soluble dipalmitoyl and dimyristoyl lecithins. We have tested many different antigens containing these (1) Effect of Standing at Room Temperature. With DML antigen suspensions, an increase in the size of floccules formed with positive sera was observed after the suspensions had been allowed to stand in closed bottles at room temperature. In one experiment a number of suspensions were prepared from an antigen at different times over a period of 24 hrs, and then all were tested in parallel using a group of positive and negative sera. In another experiment, a single suspension was prepared and tested at intervals over a 24-hr period. It was found that the reactivity increased gradually for 31 to 4 hrs, then remained nearly constant for the remainder of the test period. There was a slight increase in particle size in the suspensions themselves, but not sufficient to interfere with negative readings. With antigens containing crystalline DML material, the changes did not appear to be as great.
Suspensions prepared from DPL antigens showed little change in reactivity upon standing.
(2) Effect of Heating for Short Periods at 56°C.-Suspensions of DML antigen were heated in closed bottles at 56°C. for periods ranging from 2 to 10 min., were allowed to cool, and then were tested with individual sera. The heated suspensions showed an increased reactivity when compared with freshlyprepared unheated ones. Somewhat larger clumps formed with positive sera. There was a slight increase in particle size in the suspensions themselves, but this was not large enough to interfere with negative readings. After heating, the suspensions maintained a nearly constant level of reactivity for at least 24 hrs. Suspensions prepared from antigens containing crystalline DML also increased in reactivity when heated; however, the changes were again not as large as with antigens containing the original synthetic lecithin preparations. Suspensions from DPL antigens did not change significantly in their reactivity when heated.
Since the effect of heating seemed to be similar to that of standing for 4 hrs at room temperature, a direct comparison was made. Parallel tests, using a large number of individual sera, were conducted with DML antigen suspensions which had been heated for 5 min. at 56°C. and then cooled, and with similar unheated ones which had stood for 4 hrs. Almost identical results were obtained. Since the heating quickly produced stable suspensions of maximum sensitivity, it was decided to include it as part of our procedure for preparing them. It is doubtful whether this additional step is necessary for crystalline DML antigen suspensions which are intended for routine use, because the changes in reactivity involved are rather small; however, for comparative studies we consider it to be advisable. In this regard, it should be mentioned that Reyn, Bentzon, and Hartmann (1956) found that heating suspensions at 56°C. for periods up to 4 hrs did not improve flocculation.
It was interesting to find that the heating of suspensions of Pangborn lecithin antigens in a similar manner increased reactivity markedly, much more than with the synthetic lecithin antigens.
(3) Other Variations in the Method of Preparation.-In the regular method of preparing the suspensions, 0 4 ml. buffered saline solution is added to the mixing bottle followed by 0 5 ml. antigen with continuous rotation of the bottle.
Then 4 1 ml. buffered saline solution is added with further mixing to complete the preparation. With DML antigens we varied the initial amounts of saline used over a wide range, but with no apparent advantage. Varying the volume of antigen resulted only in decreased reactivity, and when less than the recommended amount was used, there was also a noticeable decrease in the number of particles.
The use of cold saline and cold antigen in the preparation of the suspensions and the storage of the suspensions in the cold did not result in any improvement in the floccules formed with positive sera.
(B) Variations in VDRL Test Technique.-In further efforts to increase the size of floccules formed by the synthetic lecithin antigens, variations in the technique itself were studied, using DML antigen H89L. Different amounts of suspension, ranging from 1/25 ml. to 1/130 ml., were added to the usual 1/20 ml. serum. With positive sera, the largest floccules were obtained with 1/50 ml. suspension; however, rough negatives were formed with this amount and with larger volumes. Also, with the latter, too many floccules formed for satisfactory readings. Amounts less than 1/60 ml., the usual volume, gave too few particles. It was concluded therefore that 1/60 ml. was the most satisfactory quantity to use.
The mixing time was increased from 4 to 8 min. This resulted in a slight increase in floccule size, but it was not large enough to warrant changing the standard technique. Table I . At the higher lecithin concentrations, DPL antigens with 0 02, 0 03, and 0 04 per cent. cardiolipin gave atypical floccules of a loose crystalline nature. This tendency became greater as the percentages of cardiolipin and of lecithin were increased. The most satisfactory. antigens were H116 (composition 0 01-0l13-0 9) and H145 (0-02-0 20-0 9); however, the floccules they gave with positive sera were smaller than those obtained with regular VDRL antigen, and with negative sera there was a tendency towards roughness (i.e. larger particle size). Antigens giving larger clumps with positive sera were not satisfactory because the clumps were usually loosely formed and seemed to contain long crystalline particles. With these antigens, also, there was often a considerable increase in particle size with negative sera. The following antigens were found to behave similarly to the standard antigen with positive sera: H105 (composition 0 01 -0 11 -0 9), H170 (002 -012 -09), H81 (0.02-03 -9), H167 (003 -018 -09), H89(0 03 -0.3-09). Antigen H81, however, gave too large particles with negative sera to be considered as satisfactory. A cardiolipin level of 0 03 per cent. appeared to give the smallest particles with negative sera and also the most reproducible results. Antigen H89 was finally chosen as the one to be studied further.
Many of these studies were repeated with antigens containing the D-and DL-forms of dimyristoyl lecithin, and, as expected, similar results were obtained. Antigens containing the three forms in the same concentrations (composition 0 03-0 30-0 9), when tested in parallel, gave nearly identical readings which were also close to those obtained with the standard VDRL antigen (see Part V).
A DML antigen of composition 0-03-0 255-0 9 (H178) was prepared and compared with our regular VDRL antigen (0 03-0 22-0 9, with Pangborn's lecithin), and with another containing a_ larger amount of Pangborn's lecithin (0 03-0O 27-0 9). The last of these had the same composition as the standard VDRL antigen used by Reyn, Bentzon, and Hartmann (1956) , and by Faure and Vaissiere (1956) . Tests with positive and negative sera showed that H178 was more reactive than our standard antigen but slightly less reactive than the one containing 0 27 per cent. natural lecithin. These findings are in agreement with those of the other investigators.
Discussion
The above results indicated that it was possible to prepare antigens for the VDRL test of satisfactory reactivity when Pangborn's lecithin was replaced by any one of the three synthetic saturated dimyristoyl lecithins. There remained, however, the questions of the stability of these substances and of the stability and specificity of antigens prepared from them. These properties were now studied in detail; the results of these studies and of further sensitivity evaluations with H89 antigens are given in Sections IV and V of this paper.
Ofthe three enantiomeric forms of a-(dimyristoyl)-lecithin, the DL-form is considered to be the easiest to prepare (Baer, Martin, Allen, and Tonks, 1951) ; therefore it would appear to be the best choice for antigens for routine use. It should be mentioned that the floccules formed by antigens containing these lecithins are not identical in appearance and size with those produced by antigens containing Pangborn's lecithin. They tend to be somewhat smaller, especially with strongly reactive serum, and large black clumps are seldom seen. Nevertheless, different degrees of reaction are readily distinguishable.
The dipalmitoyl lecithin antigens were generally unsatisfactory because of low reactivity or atypical floccule formation. Although certain of them showed promise, no further work was conducted with this lecithin because of the availability of the more suitable dimyristoyl compounds.
In previous papers (Tonks and Allen, 1953; Tonks, Allen, and Fowler, 1955) we stated that VDRL antigen of composition 0 03-0 3-0 9 containing Baer's DPL gave satisfactory results. However, our more recent studies, which are reported in this paper, have indicated that DPL is probably not suitable for use as the lecithin component in VDRL antigens at least. This conclusion is supported by the results we have obtained (Tonks, Allen, and Fowler, 1955 ) with L-oc-DPL prepared by Hanahan and Jayko (1952) , whereas those with compositions 0 03-0 05-0-3 and 0-0175-0-0875-0-3 were too reactive. Since it appeared that there would be no difficulty in obtaining an antigen of the desired sensitivity, it was not necessary to study and modify the test technique (U.S. Public Health Service, 1949) . Antigen dilutions of 1: 300 were found to be generally satisfactory. Titrations with various dilutions of the antigens showed no haemolytic effects when dilutions were greater than 1: 4. No positive reactions were obtained with antigen of composition 0 0175-0 2-03 when it was tested with 44 normal sera.
When the crystalline lecithin preparations became available in 1952, a series of antigens containing D-ax-DML in varying amounts, 0 0175 per cent. cardiolipin, and 0 3 per cent. cholesterol were prepared and tested serologically in order to determine the optimum concentration of the lecithin.
Results
The results of these studies are summarized in Table I I. Antigen K54 (composition 0 0175-0 1225-03) was found to be the nearest in sensitivity to the standard antigen. The three enantiomeric forms of DML were then compared serologically in antigens of this optimum composition (Section V). The L-form was tested for stability over a 3-year period (Section IV).
Although most of the studies with the Kolmer test were carried out with DML, some comparisons were also made with antigen of composition 0-0175-0-1225-0-3 containing Baer's DPL and Hanahan's DPL (Hanahan and Jayko, 1952) . They were somewhat less reactive than the standard antigen, but were very close to each other in sensitivity.
IV. STABILITY STUDIES WITH L-oc-(DIMYRISTOYL)-LECITHIN Method
An extensive study was conducted to determine the stability of L-oa-(dimyristoyl)-lecithin (DML) in the solid form and in alcohol solution and to determine as well the stability of antigens containing this lecithin in place of Pangborn lecithin. In each phase of the main experiment, which extended over a year, portions of the antigen and of the alcohol solution were stored at room temperature and at 6'C. in a refrigerator. Portions of the solid material were also stored under these conditions. Antigens were prepared for both the VDRL microflocculation test and the Kolmer complement-fixation test.
Crystalline DML, which had been prepared by Dr. Baer and his associates in July, 1952, was used throughout the study. For the VDRL test, antigens of composition 0-0267-0-30-09 were used; for the Kolmer test, the composition was 00105-0 1225-0 9.* Those prepared at the beginning of the experiment in February, 1953, were compared serologically with standard antigens at that time and at 3-monthly intervals thereafter for a period of a year. Also, every 3 months, antigens were prepared from the stock alcohol solutions prepared in February, 1953, and tested. After 6 months and 12 months, alcohol solutions were prepared from the solid lecithin and incorporated into antigens for testing.
For the serological comparisons, the following test materials were used:
(a) Partially positive individual sera.
(b) Dehydrated pooled syphilitic serum which had been diluted with four parts of saline before drying. After reconstitution of the contents of an ampoule with water, a series of dilutions with saline was prepared and tested. Two dried pools were used throughout.
At each test period, serological comparisons were conducted on several consecutive days. The total number of weakly-positive specimens examined usually exceeded twenty.
Results
These studies have indicated a satisfactory degree of stability. Dimyristoyl lecithin was found to be stable for at least a year in the solid form and in alcohol solution, both at room and refrigerator temperatures. Antigens containing it in place of Pangborn lecithin did not vary appreciably in sensitivity over the 12-month period. Indeed, one of the samples of antigen prepared in February of 1953 for the Kolmer test showed no evidence of a change in reactivity after storage at room temperature for 3 years.
Discussion
Before the initiation of this project, Faure and Marechal (1952) Kolmer tests and containing crystalline dimyristoyl lecithin were stored for 6 months. It seems that Baer's crystalline preparations are more stable than his earlier ones; however, we did not detect any marked instability of antigens containing the latter, as was observed by Faure and Marechal. Reyn and Bentzon (1956) studied the stability of DML antigens for the M0rch complement-fixation test and the VDRL microflocculation test and found no changes in the relative reactivities of the tests and reference antigens. However, they demonstrated that antigens containing crystalline synthetic lecithin showed a greater loss in sensitivity when kept at 56°C. for 4 months than did antigens containing purified, natural egg lecithin (Reyn, Bentzon, and Hartmann, 1956 ).
V. CLINICAL EVALUATION OF KOLMER AND VDRL ANTIGENS CONTAINING L-, D-, AND DL-oC-(DIMYRISTOYL)-LECITHINS
Method DML antigens of standard sensitivity (as selected in Part 3) were prepared in quantity for routine diagnostic use. Various individual sera, obtained from patients at a local venereal diseases clinic, were tested with these antigens and also with our standard diagnostic antigens, and the results were correlated with the clinical histories of the patients.
Crystalline samples of D-, L-and DL-oa-(dimyristoyl) -lecithins, obtained from Dr. Baer, were used in the antigens. The antigens were composed as follows:
(a) for the VDRL test, 003-03-09; (b) for the Kolmer test, 0-0175-0-1225-0-3. The antigens were stored at room temperature throughout the study which took place over a period of one year. The VDRL and Kolmer tests were carried out as prescribed by the U.S. Public Health Service (1949) , except that suspensions of dimyristoyl lecithin antigens for the VDRL test were heated at 56°C. for 5 min. soon after their preparation, and were then allowed to cool to room temperature before use.
Results
Results obtained in specimens from treated and untreated cases of syphilis are summarized in the first sections of Tables IV and V (overleaf) .
In the VDRL test there was close agreement between standard antigen and antigens containing the three dimyristoyl lecithins. In the Kolmer test, the standard antigen was slightly less sensitive than the saturated lecithin antigens, although the latter agree closely with each other. (2) Various modifications of the VDRL microflocculation technique have been tested using antigens containing dipalmitoyl and dimyristoyl lecithins. A slight change in the prescribed procedure has been introduced.
(3) Dimyristoyl lecithin has been found to be stable for at least a year in the solid form and in alcohol solution. Antigens which were prepared for the VDRL and Kolmer tests and which contained this lecithin did not vary appreciably in sensitivity over a period of twelve months.
(4) Dimyristoyl lecithin antigens, used as a matter of routine in testing specimens from individuals with known clirnical findings, have compared favourably with our standard antigens.
